Current studies suggest that the cysteinyl aspartate specific proteinase (caspase/CASP) family may be closely associated with apoptosis.
Introduction
Gastric cancer (GC) is the fourth most commonly diagnosed cancer and the second leading cause of cancer-associated mortality worldwide (1) . Despite its early detection and current improvements in surgery with perioperative chemotherapy, GC, with a median overall survival (OS) of 12 months, remains difficult to treat and form a prognosis due to the lack of specific symptoms during the early stages of disease and metastasis (1, 2) . Recurrence is likely to occur during the follow-up period as effective therapies are unavailable. At present, only the pathological and clinical stages of disease are accepted as conventional criteria to aid the treatment selection process. To improve the OS of patients with this disease, the identification of novel prognostic markers and potential therapeutic targets is urgently required.
Apoptosis is a process of programmed cell death; defects in apoptosis can lead to the development of cancer or autoimmune disease. It has been reported that carcinogenesis could be suppressed via apoptotic pathways through inducible proteins, including inhibitors of apoptosis or FLICE-like inhibitory protein (3) . The cysteinyl aspartate specific proteinase (caspase/CASP) family of proteins can also induce apoptosis. CASPs are a group of proteases with similar structures in the cytoplasm, comprising small and large catalytic subunits plus a prodomain. Their active sites contain cysteine residues, which specifically cleave the peptide bonds of aspartic acid residues of target proteins (4) . CASPs are involved in cell growth and differentiation, as well as the regulation of eukaryotic apoptosis (4, 5) . According to the homology of its protease sequence, CASPs can be divided into three subfamilies: CASP1 subfamily, including CASPs 1, 4, 5, 11, 12 and 14, which serve as inflammatory proteases; the CASP2 subfamily, including CASPs 2 and 9, which are upstream CASPs that process proinflammatory cytokines or induce apoptosis, and the CASP3 subfamily, which includes the effector proteases, CASPs 3, 6, 7, 8 and 10 (6, 7) . The CASP family-mediated signaling pathway involves a cascade of enzymatic reactions; each component forms a complex network structure. It has been suggested that CASPs may be key for the development of more effective anticancer therapies (4) . The vital role of these proteins in medicine has been reported and their substrates may be considered as anticancer drug targets as chemotherapeutic agents induce the death of malignant cells by acting upstream of CASPs (5) ; however, the prognostic value of the CASP family of proteins in GC has not yet been determined.
Based on highly specialized complexes in response to various proinflammatory and proapoptotic signals, the CASP protein family may be stimulated in the intrinsic and extrinsic pathway. For the former pathway, with chemical stimuli and a lack of growth factors or radiation, increases in the membrane permeability of mitochondria and the transport of cytochrome c from its interspace into the cytosol lead to the formation of the apoptosome, which recruits apoptotic peptidase activating factor 1 (Apaf 1), proCASP-9 and ATP (4, 8) . In addition, cellular damage signaling via p53 or other sensors to antagonize the Bcl-2 family of proteins results in increased permeabilization of the mitochondria (5) . On the contrary, in the extrinsic pathway, tumor necrosis factor (TNF)-α or Fas ligand engages their own cell membrane receptor, the TNF receptor (TNFR) or Fas, causing the oligomerization of the TNFR superfamily member 1A-associated death domain (TRADD) or Fas-associated death domain (FADD), respectively. Subsequently, a death-inducing signaling complex forms, which associates with CASPs to induce certain effects (4, 9) .
The present study performed a comprehensive analysis using the Kaplan-Meier plotter (KM plotter) tool to determine whether the expression of CASPs genes is associated with the Figure 1 . The prognostic significance of CASP1 expression in GC. The prognostic value of CASP1 expression in www.kmplot.com. Affymetrix ID for CASP1: 211368_s_at. OS curves were plotted for (A) all patients (n=876), (B) patients with intestinal cancer (n=320), (C) patients with diffuse cancer (n=241) and (D) patients with mixed cancer (n=32). GC, gastric cancer; OS, overall survival; CASP1, caspase 1; HR, hazard ratio. prognosis of GC and the various clinicopathological features of patients with this disease. The results suggested that CASP mRNA expression levels may be crucial prognostic biomarkers and that anticancer drug targeting and the regulation of gene expression may improve the therapeutic effects of treatment.
Materials and methods
Survival analysis. The association between the mRNA expression profile of members of the CASP protein family and the OS of patients with GC was analyzed with KM plotter (http://kmplot.com/analysis/); expression profiles (dataset numbers: GSE14210, GSE15459, GSE22377, GSE29272 and GSE62254) were downloaded from the Gene Expression Omnibus and The Cancer Genome Atlas (10, 11) , with 876 GC patient samples divided into high-and low-expression groups based on the median expression levels of each gene. The Affymetrix GeneChip platform provided probes for each gene (12). Only samples measured on Human Genome U133 plus 2.0 arrays were included in the analysis. Information of the databases were validated by literature searches for various prognostic markers in GC in PubMed for the prediction of OS using univariate and multivariate Cox proportional hazards regression analyses (10) .
Determination of CASP gene prognostic values. The 12 selected CASP genes comprising the array were: CASP1, CASP2, CASP3, CASP4, CASP5, CASP6, CASP7, CASP8, Figure 2 . The prognostic significance of CASP2 expression in GC. The prognostic value of CASP2 expression in www.kmplot.com. Affymetrix ID for CASP2: 226032_at. OS curves were plotted for (A) all patients (n=631), (B) patients with intestinal cancer (n=269), (C) patients with diffuse cancer (n=240) and (D) patients with mixed cancer (n=29). GC, gastric cancer; OS, overall survival; CASP2, caspase 2; HR, hazard ratio. CASP9, CASP10, CASP12 and CASP14, which serve vital roles in the caspase pathway. The prognostic value of each caspase ligand was evaluated via K-M survival plots, using GC tumor data, or by using several clinical GC criteria and classifications, including the Lauren classification (intestinal type, diffuse type and mixed type) and clinicopathological features [mortality, human epidermal growth factor receptor-2 (HER2) expression status, pathological stages, sex, treatment strategy and differentiation degree]. The treatment strategies were sorted into the surgery alone group, fluorouracil (5-FU)-based adjuvant group and other adjuvant group; for pathological stages, patients were classified into four stages.
The number-at-risk was also determined from analysis. Hazard ratios (HRs) with 95% confidence interval (95% CI) and log-rank P-values were calculated. P<0.05 was considered to indicate a statistically significant difference.
Results
Association between OS of all patients based on mRNA expression and Lauren classification. The data of the 12 CASP genes present in the KM plotter database were employed for the analysis of OS. The OS for 876 patients with GC was investigated in association with 9 genes (CASP1, CASP3, CASP4, CASP5, CASP6, CASP7, CASP8, CASP9 and CASP10). Separate curves were plotted to determine the association between OS and the Lauren classification criteria, including intestinal type (n=320), diffuse type (n=241) and mixed type (n=32). Investigations into CASP2, CASP12 and CASP14 were conducted with 631 patient samples analyzed on Human Genome U133 plus 2.0 arrays which could only be included when using the selected probes, containing 269, 240 and 29 samples of intestinal, diffuse and mixed types respectively.
The prognostic value of CASP1 was initially assessed in the database (Affymetrix ID: 211368_s_at). As presented in Fig. 1 For CASP2 (Affymetrix ID: 226032_at), increased mRNA expression was positively associated with OS in all patients with GC [HR=0.65 (0.52-0.82), P=1.5x10 -4 ; Fig. 2 ], corresponding to the outcome of the intestinal, diffuse and mixed types in GC [HR=0.56 (0.38-0.85), P=5.3x10 -3 ; HR= 0.63 (0.44-0.9), P= 0.011; HR= 0.2 (0.06-0.64), P=2.9x10 -3 ; respectively].
The prognostic significance of CASP3, CASP4, CASP5, CASP6, CASP7 and CASP8 expression was investigated As presented in Figs -3 ]. Of note, intestinal and mixed GC types were not associated with OS for either gene.
Furthermore, the prognostic value of CASP10 and CASP14 was investigated using Affymetrix databases (210955_at and 231722_at, respectively). Upregulated CASP10 and CASP14 mRNA expression was significantly associated with poor OS in patients with GC [HR=1.4 (1.18-1.67), P=1.1x10 -4 ; HR=1.56 (1.25-1.93), P=5.8x10 -5 ]; intestinal type GC was also related to poor OS [HR=1.56 (1.13-2.13), P=5.9x10 -3 ; HR=2.02 (1.4-2.91), P=1.3x10 -4 ] (Figs. 10 and 12). In addition, analysis of mixed type GC indicated that the expression of CASP10 and CASP14 above or below the median level could not be applied to distinguish patients of distinct prognostic groups.
Association between OS based on mRNA expression and clinicopathological features.
To further examine the association between the expression of individual CASP genes and other clinicopathological parameters, the links between OS and mortality (Table I) , pathological grade (Table II) , HER2 expression status (Table III) , treatment strategy (Table IV) , sex (Table V) and differentiation degree (Table VI) , were determined.
The association between the expression levels of CASPs and the 50-month mortality rate was investigated in patients with GC. In Table I , high expression levels of CASP7 revealed the lowest mortality rate of 0.4807. Conversely, low expression levels of CASP1 were associated with the highest mortality rate of 0.7680.
As presented in Table II , increased expression of CASP1, CASP3 and CASP7 was linked to OS in patients with GC of pathological grade I. CASP2 and CASP5 were associated with stage Ⅱ-IV GC, while CASP4 and CASP8 were associated with stage I and III GC, and CASP6 was linked to stage III GC. In addition, CASP10 and CASP14 were revealed to be associated with unfavorable OS in stages III and IV of GC; CASP9 was linked to poor OS in stage I and III GC. On the contrary, CASP10 overexpression corresponded to improved OS in patients with stage Ⅱ GC.
In the present study, the association between CASP expression and HER2 status was investigated in GC patients (Table III) . Positive and negative HER2 expression were linked to favorable OS and CASP1, CASP3, CASP5, CASP5, CASP6 and CASP8 mRNA expression. Conversely, CASP2 and CASP4 was associated with negative HER2 status in patients with GC. Analysis of CASP14 with positive or negative HER2 expression was associated with unfavorable OS; CASP10 and CASP12 indicated poorer OS with negative HER2 expression.
As for the treatment strategy, CASP1 was significantly associated with better OS, in all three groups (surgery alone, 5-FU-based adjuvant and other adjuvant; P<0.001; Table IV ). The 5-FU-based adjuvant group exhibited an increased HR with CASP2, CASP4, CASP5 and CASP9 mRNA expression. Overexpression of other CASPs was associated with improved OS with each treatment (Table IV) .
As presented in Table V , sex, expression status and the expression of CASP1-8, were associated with better OS in male and female patients with GC. Nevertheless, CASP10 and CASP14 were associated with poor OS regardless of sex.
Based on the differentiation degree of GC (Table VI) , increased CASP2, CASP4, CASP5 and CASP8 expression under moderate differentiation was associated with poor OS. GC of a poor differentiation degree with upregulated CASP1 and CASP8 expression was positively associated with OS.
Discussion
In the present study, the KM plotter was employed to determine the association between CASP gene expression and OS in GC. The results revealed that CASP1-8 were associated with improved OS for patients with GC, whereas high expression of CASPs 9, 10, 12 and 14 were linked to poor OS. In the CASP3 subfamily, all components except CASP10 were positively associated with improved OS in GC.
Caspase 8, as an initiator, is activated by associating with death-inducing signaling complex of the extracellular pathway and cleaves procaspases 3, 4, 7, 9 and 10 and/or activates Bid. This leads to mitochondrial permeabilization executed by BCL2-associated X protein and BCL2 antagonist/killer protein (5) . As for the association between CASPs and cancer, Du et al (13) explored the effects of a six-nucleotide deletion polymorphism of the CASP8 gene in the digestive tract on the risk of cancer development; all genetic models exhibited protection against the development of GC. The antitumor effects of CASPs were also investigated by Kanehara et al (14) , in which the degree of CASP8 activation could indicate the anticancer potential of this CASP. Apart from GC, CASP8 has been reported to sense proliferation-associated DNA damage and may serve as an indicator of liver cancer (15) . Of note, apoptosis induced by aspirin and vitamin E succinate in GC has been reported to involve CASP8 (16, 17) . CASPs 3, 6 and 7 act as executioners of apoptosis, causing programmed cell death by hydrolysis of the caspase target protein.
CASP3 acts on poly(ADP-ribose)polymerase (PARP), DNA-PK, Rho GDP-dissociation inhibitor (RhoGDI), sterol regulatory element-binding protein (SREBP) and CKq and can be activated by CASPs 8, 9 and 10. PARP is a multifunctional protein involved in post-translational modifications in the majority of eukaryotic cells. PARP has been considered to be a receptor for DNA damage as it is activated by recognizing DNA fragments that are structurally damaged. It performs poly ADP-ribosylation on a variety of nuclear proteins; histones detach from DNA via the ADP-ribosylation of histones for the binding of repair proteins, promoting the repair of damaged DNA. In vivo, PARP is the main cleavage target of CASP3. Human PARP is cleaved between Asp124 and Gly215, separating its catalytic domain at the carboxyl end and the domain at the amino terminus; thus, PARP loses its enzymatic activity. The cleavage of PARP has been considered to be an important indicator of apoptosis and an indicator of CASP3 activation. Additionally, PARP can be activated by CASP7. A variety of therapeutic agents, including resveratrol, berberine, homoharringtonine and silibinin can inhibit interactions between CASP3 and PARP and are applied for the treatment of breast cancer, human epidermoid carcinoma, leukemia and human bladder transitional cell carcinoma (18) (19) (20) (21) . DNA-PK is a key protein kinase involved the process of genomic DNA damage repair via non-homologous end joining and maintains telomere stability. DNA damage reparation can affect the sensitivity of genotoxic drugs to cancer cells. Thus, in clinical settings, inhibiting the activity of DNA-PK may be an effective anticancer strategy. DNA-PK and PARP inhibitors have been applied as chemo-/radio-sensitizers in Ewing sarcoma (22) . Similarly, Alikarami et al (23) indicated that inhibition of DNA-PK increased the chemosensitivity of B-cell precursor acute lymphoblastic leukemia to doxorubicin. The negative association between the content of DNA-PK and CASP3 supports the results of the present study in which CASP3 expression may improve the OS of patients with GC. RhoGDI2, is a member of RhoGDI family of proteins. In GC, RhoGDI2 is correlated with cancer growth, metastasis and chemoresistance (24) . Regarding the underlying mechanism, RhoGDI2 upregulates vascular endothelial growth factor (VEGF)-C expression, which promotes cancer cell invasion and induces cisplatin resistance. Of note, RhoGDI2 positively regulates Rac1 activity, which can suppress VEGF-C expression (24) . Furthermore, RhoGDI2 is associated with 5-FU resistance (25) . As a potential therapeutic target, during drug-induced apoptosis, RhoGDI2 is cleaved by CASP3 (26) . RhoGDI-signaling and mevalonate, as well as mitochondrial metabolism, could be targeted by bergamot natural products to eradicate cancer stem cells (27) . CASP6 can be activated by CASPs 7 and 3 and act on lamin A, the main component of the basal lamina. It is a dynamic network located beneath the nuclear membrane and serves an important mechanical role, and can directly or indirectly interact with chromatin. Lamin A serves a major role in maintaining chromatin structure, transcription, DNA replication and apoptosis. Wu et al (28) indicated that downregulation of lamin A was an independent risk factor for the poor prognosis of GC; however, the effects of CASP6 and lamin A on GC require further investigation. As for CASP7, SREBP-1 and -2 may bind to the proximal promoter region of the CASP7 gene, inducing its expression (29) . CASP10 may affect the apoptosis of GC cells by acting as an initiator, which has been associated with poor OS. It can be activated by procaspase 8 and TRADD in the extrinsic pathway and acts on CASP3. Additionally, CASP10 has been associated with cancer. For instance, in myeloma, the survival of cancer cells is dependent in CASP10 as myeloma cells require a basal level of autophagy to survive; however, CASP10 regulates this response to prevent cell death, promoting disease progression (30) .
The CASP1 subfamily, including CASPs 1, 4, 5, 11, 12 and 14, exhibited a positive association with improved OS. CASP1 can activate CASPs 3 and 4, as well as interleukin (IL)-1 and IL-18; conversely, CASP4 can also activate CASP1.
CASP3 has been reported to act as an executioner. Therefore, CASP1 can indirectly promote apoptosis, indicating a positive association with improved OS in GC. Regarding ILs, active CASP1 processes pro-IL-1β and pro-IL-18 to initiate immune responses; IL-18, counteracts the effects of IL-1β, which has proinflammatory activities similar to another CASP1 substrate, in order to control disease by preventing hyperactivation of the immune response in the gastric tissues (31) .
As for CASP4, this protein can be activated by declines in adenosine deaminase activity and could induce gastric epithelial cell apoptosis, promoting the formation of gastric ulcers; however, a small population of cells may undergo malignant transformation (32) . The diagnostic value of adenosine deaminase is of less importance as its activity in GC did not significantly differ to that in normal mucosa (33) . CASP4 could act as a novel diagnostic and prognostic biomarker of non-small cell lung cancer as reported by Terlizzi et al (34) ; however, further investigation is required.
CASP5 is an inflammatory caspase; together with CASP11, these proteins serve a role in the immune system. The association between inflammation and cancer has been reported, and it is widely accepted that the tumor-promoting inflammatory environment is one of the major hallmarks of cancer (35) . In combination with the results of the present study that CASPs 5 and 11 were linked to improved OS, it was proposed that these proteins may serve roles in inflammation. In addition, several studies have reported supporting findings. Viganò et al (36) revealed that CASP5 was a key determinant of one-step inflammasome activation mediated by IL-1α and IL-1β release in human monocytes, following treatment with lipopolysaccharide. Regarding CASP11, knockout experiments revealed that in CASP11 -/mice, the levels of IL-1β and IL-18 in the colon were significantly reduced compared with wild-type mice. This suggested a possible mechanism in which CASP11 may attenuate acute experimental colitis. CASP11 has been reported to serve an important role in suppressing the development of acute colitis, but may also be involved in chronic relapsing-remitting colitis and inflammation-driven colon tumorigenesis (37) .
CASP12 has unique characteristics that are not mutual to other family members, as is activated via endoplasmic reticulum (ER) stress-induced cell death, rather than the intrinsic and extrinsic pathways. ER stress is the consequence of abnormal calcium absorption and is released from the ER. The activation of CASP12 via its cleavage may proceed by proteases present on the surface of the ER membrane, such as calpain. Intracellular calcium elevation accounts for the activation and transport of calpain and other ER-associated proteins to the ER surface. As an alternative method of activation, CASP7 on the ER surface is capable of cleaving procaspase12 (38, 39) . With respect to downstream substrates, procaspase 9 is a substrate that is cleaved at the processing site, transmitting proteolytic signals to CASP3 (38) . The direct activation of CASP9 may be associated with poor OS. Additionally, CASP12 as a truncated or full-length proenzyme may arise from the single nucleotide polymorphism of CASP12, impairing the innate immune and inflammatory responses to infection in carcinoma, increasing the risk of sepsis (40) .
Van de Craen et al (41) revealed that procaspase 14 can be weakly cleaved by CASP8 into active fragments, which did not result in the subsequent cleavage of the classical CASP family substrates, including CASPs 3, 6 or 7. CASP14, another divergent member of its family, has a short prodomain and possesses a variety of unique properties principally involved in epithelial cell differentiation, rather than apoptosis and inflammation.
Overexpression of CASP14 has been detected in epithelial malignant tumors, indicating that CASP14 may be vital in carcinogenesis and cancer progression (42, 43) . Furthermore, CASP14 has been reported to be an anti-apoptotic protein, bound with cytochrome c to reduce cisplatin sensitivity in vitro. As CASPs and cytochrome c have recently emerged as innovative targets for antitumor drugs, including camptothecin, adriamycin and cisplatin with aim to destabilize the mitochondrial membrane and activate procaspases, CASP14 may inhibit drug-induced DNA fragmentation and cell death associated with increased chemoresistance (44) . Within the CASP2 subfamily, CASP2 was associated with favorable OS for GC, while CASP9 was linked to poor OS. Functioning similarly to CASP10, CASP2 activates CASP3 and PARP to directly or indirectly initiate apoptosis, which is mainly regulated by the CRADD-caspase 2 cascade pathway. Possessing a similar dual-domain structure to FADD, CRADD contains an N-terminal caspase homology domain that affects CASP2, along with a carboxy-terminal death domain which interacts with receptor-interacting protein; interactions between CASP2 and CRADD are mediated by its caspase recruitment domain (45) . It has been reported that trichostatin A can induce CRADD to activate CASP2-dependent apoptosis not only in GC cells, but also in prostate cancer cells by inhibiting histone deacetylase, which suggests a novel therapeutic approach for the treatment of GC (46, 47) . In addition, the results of the present study were consistent with the report of Yoo et al (48) , which revealed the deficient expression of CASPs 2, 6 and 7 in GC cells compared with normal mucosal cells of the stomach. Furthermore, CASP2 is involved in other processes, including p53 regulation, cell cycle regulation and the DNA damage response, as well as cholesterol and triacylglycerol homeostasis, in which this protein is regulated by SREBP-2 (49) (50) (51) . Those processes relate to the exhibited increasing HR in the 5-FU-based adjuvant group in Table IV and it could provide a novel research direction.
With regards to the CASP9 pathway, the apoptosome (cytochrome c, Apaf 1 and procaspase 9) facilitates the oligomerization and subsequent auto-proteolysis of procaspase 9 to CASP9, leading to the activation of CASP3 and CASP7 (52) . In addition, modified Bid proteins could transmit a signal via the intrinsic pathway of CASP activation to interact with procaspase 9 when low concentrations of CASP8 are insufficient to activate CASP3 (53). Overexpression of phosphorylated CASP9 (p-CASP9), an anti-apoptotic protein, in malignant GC cells could be an inhibitory mechanism of apoptosis mediated by CASP9, suggesting the protumorigenic role of CASP9 in the development of GC (54) . This report of apoptosis resistance supports the findings of the present study. Numerous studies have proposed that the clearance of GC cells could be conducted by activating CASP9-induced apoptosis (55, 56) , which may be linked to the favorable OS of patients with diffuse type GC observed in the present study. In light of these previous studies, the mechanism of CASP9 in apoptosis may involve the antagonism between p-CASP9 and CASP9, in which CASP9 is phosphorylated at Thr125, mediated by the mitogen-activated protein kinase pathway.
The Lauren classification is one of the most widely applicable classification systems in GC. It was adopted in the present study for its high repeatability and convenience in clinic, especially for its value for prognostic analysis (57, 58) , whereas previous studies merely observed the specific relation between CASP expression and the Lauren classification, which provides a new study direction to investigate its mechanism. Several limitations of the present study should be considered. Further research is required to account for the effects of treatment strategies, pathological stages, HER2 expression status, sex and differentiation degree on the prognostic value of CASPs. While certain hypotheses have been proposed based on the literature and clinical statistics; further investigation is required using animal models and performing clinical trials. For instance, the number of mixed type patients is small due to the limited data in KM plotter. Additionally, although the association between mRNA expression and prognosis was explored, analysis should be conducted at the protein level. To this end, the authors aim to validate the findings of the present study in the future, using an independent cohort and RNA sequencing.
In conclusion, in the present study the prognostic value of the mRNA expression profile of CASPs in patients with GC was assessed using the KM plotter database. Among them, overexpression of CASP1-8 at the mRNA level was linked to improved OS, whereas upregulated expression of CASPs 9, 10, 12 and 14 was associated with poor OS. The findings of the present study may provide insight into the relationship between each molecule and their role in cancer. The present study may serve as a basis for the development of novel therapeutic strategies using CASPs as powerful and precise prognostic predictors in GC, in which potential targeting agents may be applied for the treatment of this disease; however, further study is required. 
